Men who have sex with men (MSM), who have heterogeneous HIV-acquisition risks are not specifically targeted in Kenyan pre-exposure prophylaxis (PrEP) guidelines. We used data from an open cohort, which followed 753 initially HIV-negative MSM participants for more than 1378.5 person-years, to develop an empiric risk score for targeting PrEP delivery. Independent predictors of incident HIV-1 infection in this cohort were an age of 18-24 years, having only male sex partners, having receptive anal intercourse, having any unprotected sex, and having group sex. Poisson model coefficients were used to assign a numeric score to each statistically significant predictor. A risk score of ≥ 1 corresponded to an HIV-1 incidence of ≥ 2.2 [95% confidence interval (CI) 1.2-4.1] and identified 81.3% of the cohort participants as being at high risk for HIV-1 acquisition. The area under the receiver operating characteristic curve was 0.76 (95% CI 0.71-0.80). This empiric risk score may help Kenyan health care providers to assess HIV-1 acquisition risk and encourage PrEP uptake by high-risk MSM.
Introduction
Pre-exposure prophylaxis (PrEP) is effective in reducing the risk of HIV-1 acquisition [1] , and has been recommended by the World Health Organization for populations that have an HIV-1 incidence of 3 per 100 person-years (PY) or higher [2] . In 2016, the Kenyan guidelines for use of antiretroviral drugs for treating and preventing HIV infection recommended PrEP for individuals who have significant risk for acquiring HIV-1 infection [3] . Although "significant risk" in the Kenyan PrEP guidelines is defined as reporting a wide range of risk behaviors, anal intercourse is not specifically mentioned. In May 2017, Kenya became the second country in Africa-the first was South Africa-to roll out PrEP nationally through the National AIDS & STI Control Programme (NASCOP) [4, 5] , thereby making PrEP available to individuals who meet eligibility criteria in the published guidelines.
The Kenya PrEP program targets individuals who report any of the following: a sexual partner who is HIV-1 positive or has unknown HIV-1 status, transactional sex, a recent sexually transmitted infection (STI), recurrent use of postexposure prophylaxis, having sex while under the influence of alcohol, inconsistent condom use, and injection drug use during which needles and syringes are shared [3] . Although many men who have sex with men (MSM) may meet these eligibility criteria, the PrEP guidelines do not specifically target known risk factors for HIV-1 acquisition among MSM, including condomless anal intercourse, group sex, and the biological sex of sexual partners.
High HIV-1 and STI risks have been documented among adult male sex workers and MSM in Kenya [6] [7] [8] [9] [10] , with estimates of HIV-1 incidence as high as 35.2 [95% confidence interval (CI) 23.8-52.1] per 100 PY among MSM who have sex with men only [7] . Receptive anal intercourse (RAI) 1 3 and group sex have also been identified as independent predictors of HIV-1 acquisition in this population. The risk of acquiring HIV-1 was eightfold to tenfold higher among MSM who reported having RAI, compared with those who did not [7, 9] , and was twofold higher among MSM who reported having group sex, compared with those who did not [7] .
Targeting PrEP initiation among MSM at highest risk for HIV-1 acquisition would optimize any impacts on HIV-1 transmission [11, 12] , if these men can be reached and supported. In a secondary analysis of the iPrEX trial, MSM and transgender women who practiced RAI without a condom in the 3 months before enrollment accounted for 64% of new infections in this high-risk cohort [13] . Several screening tools have been developed to identify those at high risk for HIV-1 acquisition, including serodiscordant couples [14, 15] , young women [16] , sexually active men and women [17] , and pregnant and postpartum women [18] in Africa. While tools to assess HIV-acquisition risk among MSM have been developed for use in well-resourced settings [19] [20] [21] [22] [23] , no risk scoring tool is presently available to guide PrEP uptake by MSM in sub-Saharan Africa. As current PrEP eligibility criteria in Kenya's NASCOP guidelines have not been validated among this population, we set out to develop an empiric risk score to assess HIV-1 acquisition risk among MSM in coastal Kenya. We envisaged that this risk score could help Kenyan health care providers to target PrEP initiation among high-risk MSM.
Methods

Study Design, Setting, and Participants
Since July 2005, individuals residing on the Kenyan coast who are at high risk for HIV-1 acquisition have been prospectively recruited for an open cohort study on HIV-1 vaccine trial feasibility. Participants were identified for recruitment into the study by 10-15 trained peer mobilizers who approached individuals through personal networks and at venues where they meet to establish contact with sexual partners and clients [7] . Men aged 18-49 years were eligible if they reported having had anal sex with a man in the 3 months prior to enrollment [7] .
Study Procedures
Detailed cohort procedures are described elsewhere [7] . In brief, enrollment and follow-up included a face-to-face interview using a standardized risk-behavior questionnaire, HIV-1 testing and counseling, risk-reduction counseling, medical history, and physical examination at each visit. Through 2015, follow-up was quarterly for most participants and monthly for men who reported having RAI. Beginning in 2016, all participants had monthly follow-up visits. Treatment for genital symptoms suggestive of STIs and minor illnesses was provided free of charge, and hepatitis B vaccination was provided from 2009 onward [24] . Patients who had genital symptoms were treated syndromically, and laboratory-diagnosed infections were treated according to Kenya Ministry of Health recommendations. Since 2016, participants who had a gonorrhea infection were given directly observed treatment with oral cefixime (400 mg) and azithromycin (2 mg). Free condoms and water-based lubricants were also provided at each visit.
Laboratory Methods
HIV-1 testing was performed at each study visit using two rapid antibody test kits (Determine, Abbott Laboratories; Unigold, Trinity Biotech) in parallel. Discordant rapid HIV-1 test results were resolved using an enzyme-linked immunosorbent assay (ELISA) (Genetic System HIV-1/2 plus O EIA, Bio-Rad Laboratories). All HIV-1 negative samples were tested for p24 antigen (Vironostika HIV-1 p24 ELISA, Biomérieux) through 2015, or for HIV-1 RNA (Xpert ® HIV-1 Qual, Cepheid) since 2016. Pre-and post-seroconversion samples were tested for HIV-1 RNA level (Amplicor Monitor 1.5, Roche). Gonococcal infection among participants who reported urethral or rectal symptoms was defined as the detection of gram-negative, intracellular diplococci consistent with Neisseria gonorrhoeae in urethral or rectal secretions [7] . Prevalent syphilis infection was diagnosed using a positive rapid plasma reagin (RPR, tested annually) titre confirmed by Treponema pallidum hemagglutination assay (TPHA). Incident syphilis was defined as a fourfold increase in RPR titre confirmed by TPHA [7] .
Measures
Four risk behaviors that had been previously associated with HIV-1 acquisition among this population were the primary predictors [7] . The first-sexual activity and condom use in the past week-was categorized in three groups: "no activity," when no sex was reported in the past week; "all protected," when the number of sexual acts (either vaginal or anal intercourse) for which a condom was used was equal to the number of sexual acts reported; and "any unprotected," when the number of sexual acts for which a condom was used was lower than the number of acts reported. For the second variable, men were asked at each visit to report whether they had been sexually active with men, women, or both men and women in the past 3 months or since their last visit. This variable was categorized as "men only," "both men and women," and "women only." The third and fourth variables-having RAI and having group sex (defined as sex 1 3 with more than one person at the same time)-were assessed for the past 3 months, or since the last visit, and categorized as either yes or no.
Other variables evaluated as potential predictors of HIV-1 acquisition included sociodemographic data collected at enrollment (age, education level, religion, marital and employment status) and time-updated data collected at each study visit (specific sexual behaviors, transactional sex [2 variables, defined as either paying for or being paid for sex with cash, living expenses, or goods], alcohol use, having sex after alcohol use, intravenous drug use, sharing needles among intravenous drug users, use of post-exposure prophylaxis, medical injections, urethral discharge or dysuria, rectal discharge, circumcision status, and self-reported genital sores).
Data Analysis and Statistical Methods
Descriptive statistics were used to summarize baseline sociodemographic and behavioral characteristics of MSM enrolled in the study. Data for each participant were censored at the end of 2016, the last visit for those who became lost to follow-up, or, for those who acquired HIV-1 infection during follow-up, the last seronegative and HIV-1 RNA-negative visit. Total observation time was obtained by adding up separate observation times for all participants in the study, and expressed in terms of PY. HIV-1 incidence rates were calculated as the number of HIV-1 incidence cases divided by PY of follow-up, and expressed as incidence per 100 PY. All potential predictors were assessed for association with incidence of HIV-1 infection using Poisson models with robust standard errors, to obtain population-averaged incidencerate ratios that accounted for correlation due to repeated measurements of the same subject over time. Variables significant at P ≤ 0.1 in bivariable analysis were included in an initial multivariable model of potential predictors for HIV-1 acquisition. Variables with P > 0.1 in the initial multivariable model were then dropped to produce a final multivariable model.
Development of Empiric Risk Score
Predictors in the final multivariable model were used to develop an empiric, model-based risk score, after excluding religion and insertive anal intercourse (IAI) (both of which were negatively associated with HIV-1 acquisition and would have led to negative risk scores for some men). A risk score was assigned to each statistically significant predictor for HIV-1 acquisition, based on its coefficient in the risk score model, and rounded to the nearest integer. Risk scores were then summed to generate predictor scores at a given visit for each participant. Crude HIV-1 incidence was calculated by different risk score cutoff values (e.g., ≥ 0, ≥ 1) to determine which risk score cutoff value correlated most closely with the HIV-1 incidence of ≥ 3 per 100 PY recommended for PrEP initiation. To calculate the proportion of MSM who should be targeted for PrEP based on this risk score cutoff, we assessed risk over the previous 3 months at the last follow-up visit, as this would best reflect current risk behavior. We assessed whether higher risk scores correlated with higher HIV-1 incidence using a nonparametric test for trend. We evaluated risk score performance by assessing sensitivity, specificity, and area under the receiver operating characteristic curve (AUC). P values were 2-sided, and significance was set at P ≤ 0.05. Data were cleaned, recoded, and analyzed using Stata 15.0 (StataCorp LLC, College Station, Texas, USA).
Ethical Considerations
The Kenya Medical Research Institute Ethics Review Committee approved this study. All participants provided written informed consent.
Results
Study Population and Follow-up Duration
A total of 753 HIV-1 negative MSM had at least 1 follow-up visit and contributed 1378.5 PY (median 14.3, interquartile range 5.6-31.8 months). Table 1 presents the sociodemographic characteristics of the study population. At enrollment, the majority were 18-24 years of age and had never been married. At this visit, 314 (41.7%) reported having only male sex partners, 451 (59.9%) reported having any unprotected sex in the past week, 523 (69.5%) reported having RAI, 523 (69.5%) reported having IAI, and 121 (16.1%) reported having group sex in the past 3 months. Thirty percent had paid for sex in the past 3 months, and nearly 70% had received payment for sex. Almost two-thirds had used alcoholic beverages in the past month, and more than half had had sex after using alcohol. The vast majority (94.2%) were circumcised, 92 (12.2%) reported urethral discharge or dysuria, 37 (4.9%) reported rectal discharge, and 11 (1.5%) had a prevalent gonorrhea infection diagnosed at enrollment.
HIV-1 Incidence Estimates and Risk Factors for HIV-1 Acquisition
Ninety-seven MSM acquired HIV-1 during follow-up, for an estimated HIV-1 incidence rate of 7.0 (95% CI 5.8-8.6) per 100 PY. In bivariable analysis, HIV-1 acquisition was associated with age (18-34 years), never being married, not being Muslim, and with reporting at a study visit having only male sex partners, having any unprotected sex, having RAI, having IAI, having paid for sex, having been paid for sex, and having group sex ( Table 3 presents the risk score model, which excluded religion and IAI for reasons explained above. A risk score of 1, based on coefficients, was applied for each of these independent predictors of HIV-1 infection: younger age (18-24 years), having only male sex partners, having RAI, having any unprotected sex, and having group sex (Table 3) . While the maximum score was 5, only a very small proportion (~ 1.0%) of MSM visits were in this category (data not shown). We combined visits that had risk scores of 4 and 5, to avoid wide confidence intervals due to sparse data. A risk score cutoff of ≥ 1 corresponded to an HIV-1 incidence of ≥ 2.2 (95% CI 1.2-4.1) per 100 PY (Table 4) , and had a sensitivity of ≤ 97.9% and a specificity of ≤ 16.9% for detecting the visit at which a participant had acquired HIV-1. If this cutoff is applied to predictors assessed at the last visit of men participating in the cohort, approximately 81.3% of MSM would be identified as high-risk individuals who should be targeted for PrEP initiation. The AUC for predictive ability of the risk score was 0.76 (95% CI 0.71-0.80), indicating fair to good performance in identifying men who eventually seroconverted. A unit increase in risk score strongly correlated with an increase in observed HIV-1 incidence (P < 0.001, test for trend) (Fig. 1) .
Empiric Risk Score Model
Assessing PrEP Eligibility
Among the 753 MSM assessed at their last cohort visit for PrEP eligibility, 618 (82.1%) would qualify for PrEP per criteria in the national guidelines. Of the 135 who would not qualify for PrEP, 86 (63.1%) MSM, including 10 who had acquired HIV-1 infection, would qualify for PrEP based on their risk score in this study. Of these 86 PrEP-eligible MSM, the majority (72.1%) reported having only male sex partners or having RAI.
Discussion
We developed an empiric risk score for PrEP targeting of MSM based on 5 predictors of HIV-1 acquisition derived from our MSM cohort. Adding 1 point for each of the predictors present-having only male sex partners, RAI, any unprotected sex, group sex, and young age (18-24 years)-led to a score that strongly correlated with increased HIV-1 incidence and had a fair to good predictive ability. By applying this risk score to MSM at their last cohort visit, we identified more than 80% of MSM as being at high risk for HIV-1 acquisition, with scores corresponding to an HIV-1 incidence as high as 4.1 per 100 PY (upper limit of our confidence interval). Importantly, this tool identified 86 men (11.4% of the cohort) as being at high risk for HIV-1 acquisition yet they did not meet PrEP eligibility criteria per Kenyan guidelines. In Kenya, PrEP guidelines do not specifically target individuals who report having RAI, only male sex partners, or group sex-predictors that were strongly associated with HIV-1 acquisition among MSM in coastal Kenya [7] . While many MSM do qualify for PrEP based on other risk behaviors, the application of our risk score, which includes young age and sexual behaviors that increase vulnerability among MSM, will assist providers in identifying those who are likely to benefit from PrEP initiation; therefore, our model should be beneficial to HIV-1 prevention programming in Kenya.
In Kenya, homosexuality is illegal and punishable by law [25] . MSM are stigmatized and face challenges in accessing health care services [26] . Although efforts have been made to train health care workers on the needs of MSM, trained providers themselves have reported feeling stigmatized by community members and other health care staff [27] . Despite these challenges, more than 1200 health care providers have taken an MSM sensitivity training that is freely available online (www.marps -afric a.org) [28] , and various programs engage MSM for PrEP programming in Kisumu, Nairobi, and coastal Kenya. Unfortunately, stigma surrounding male-male sex and RAI may have led to the omission of these factors as risk criteria in the Kenyan guidelines.
The empiric risk scoring tool had fair to good performance (AUC 0.76) in detecting HIV-1 among MSM in our cohort. Although the scoring tool has not been validated elsewhere, our aim was to develop a tool that could guide health care providers in both targeting MSM at highest risk for HIV-1 acquisition and discussing the risks that should prompt PrEP initiation. This scoring tool could potentially be used by clinicians and counselors to reevaluate PrEP eligibility among MSM already on PrEP and guide a discussion on continuation or discontinuation. Outside the clinical Our study confirmed that having RAI, any unprotected sex, and group sex remained independent predictors for HIV-1 acquisition among our cohort, similar to the period of 2005-2011 [7] . We found a twofold higher incidence of HIV-1 acquisition among men who reported having only male sex partners, compared with men who reported both male and female partners, which was consistent with our previous reports [10] . MSM aged 18-24 years had a fourfold higher incidence of HIV-1 acquisition, compared with men older than 34 years. Elsewhere, in a Bangkok cohort, young MSM (aged < 21 years) had an increased risk for HIV-1 acquisition [29, 30] .
Men who reported having IAI were less likely to acquire HIV-1 infection than men who did not report IAI (5.5 vs 9.0 per 100 PY) in our study (Table 2) . Although we did not specifically assess whether condoms were used for IAI, with whom IAI was practiced, or the frequency of IAI versus RAI, a protective association for IAI remained after adjusting for other risk factors for HIV-1 acquisition among our cohort. This finding is consistent with a lower per-act risk for HIV-1 transmission via IAI, compared with the risk via RAI [31] , and may also result from a protective effect of circumcision during IAI [32] .
We found that MSM who were Muslim had a lower HIV-1 incidence than MSM who were Christian (4.2 vs 8.7 per 100 PY, Table 2 ), which has not been reported previously [7] . Why MSM who are Muslim have lower HIV-1 acquisition risks is not clear. In our risk score model, we did not assign a negative risk score for MSM who reported having IAI or for MSM who were Muslim, as both groups already had substantial HIV-1 acquisition risks.
As national programs target key populations for PrEP initiation in Kenya, our risk score model may guide health care CI confidence interval, IRR incidence rate ratio, aIRR adjusted incidence rate ratio a "Sharing needles among intravenous drug users," "use of post-exposure prophylaxis," and "syphilis infection" excluded, as no HIV-1 acquisitions occurred in the exposed categories b Only factors significant at P ≤ 0.1 in the bivariable analysis were included in the initial multivariable model c Only factors significant at P ≤ 0.1 in the initial multivariable model were retained in the final multivariable model providers in discussing specific behaviors that put MSM at increased risk for HIV-1 acquisition and are not included in the current NASCOP criteria for PrEP initiation. MSM with a risk score of ≥ 1 should be made aware of their elevated risk for HIV-1 acquisition and encouraged to consider PrEP as an additional risk reduction strategy. Additionally, they should be evaluated for symptoms of acute HIV-1 infection before PrEP initiation [33, 34] , in accordance with Kenyan national guidelines [3] . MSM who have an empiric risk score of < 1 may be willing to take PrEP and may qualify for PrEP according to Kenyan guidelines for other factors (e.g., an ongoing relationship with an HIV-1-positive partner, transactional sex, or injection drug use with a needle-sharing partner) [3] . Our risk score model is intended as a supplement to the Kenya guidelines, not as a replacement for them.
Our study had several limitations. First, we did not collect data on partner characteristics, duration of partnerships, partner's HIV-1 status, or condom use by the participant or partner specifically during anal sex. Second, self-reported sexual behavior is subject to recall and social desirability biases, and may have led to underreporting of risky sexual behaviors during risk assessment. Third, our STI assessment was restricted to symptomatic patients (having urethral discharge or dysuria or having rectal discharge) only, so we were unable to detect asymptomatic infections. Fourth, the time-updated PrEP eligibility score reflects risks assessed over the previous 3 months. As risk is not static, PrEP eligibility should be assessed and periodically updated over time. Fifth, while we have identified factors associated with risk among this cohort, their importance and relative 
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